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(54) Integrated mechanical handle with quick slide mechanism 



(57) A method of deploying a prosthesis includes re- 
straining the prosthesis within a proximal end of a 
sheath. A slide ring of a handle is rotated to initiate re- 
traction of the sheath. In this manner, the prosthesis is 
initially very gradually released. The slide ring is then 
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slid to complete retraction of the sheath and to deploy 
the prosthesis. In this manner, the sheath is easily and 
quickly retracted thus rapidly completing deployment of 
the prosthesis. Rapid deployment of the prosthesis fa- 
cilitates faster procedure times, thus minimizing the pe- 
riod of time during which blood flow is occluded. 
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Description 

[0001] Vascular aneurysms were the result of abnor- 
mal dilation of a blood vessel, usually resulting from dis- 
ease and/or genetic predisposition, which weakened 
the arterial wall and allowed it to expand. While aneu- 
rysms could occur in any blood vessel, most occurred 
in the aorta and peripheral arteries, with the majority of 
aortic aneurysms occurring in the abdominal aorta, usu- 
ally beginning below the renal arteries and often extend- 
ing into one or both of the iliac arteries. 
[0002] Aortic aneurysms were commonly treated in 
open surgical procedures where the diseased vessel 
segment was bypassed and repaired with an artificial 
vascular graft. While considered to be an effective sur- 
gical technique, particularly considering the alternative 
of a usual fatal ruptured abdominal aortic aneurysm, 
conventional vascular graft surgery suffered from a 
number of disadvantages. The surgical procedure was 
complex and required experienced surgeons and well- 
equipped surgical facilities. Even with the best surgeons 
and equipment, however, patients being treated fre- 
quently were elderly and weakened from cardiovascular 
and other diseases, reducing the number of eligible pa- 
tients. 

[0003] Even for eligible patients prior to rupture, con- 
ventional aneurysm repair had a relatively high mortality 
rate, usually from 2% to 10%. Morbidity related to the 
conventional surgery includes myocardial infarction, re- 
nal failure, impotence, paralysis, and other conditions. 
Additionally, even with successful surgery, recovery 
took several weeks, and often required a lengthy hospi- 
tal stay. 

[0004] In order to overcome some or all of these draw- 
backs, endovascular prosthesis placement for the treat- 
ment of aneurysms has been used. Although very prom- 
ising, many of the proposed methods and apparatus suf- 
fered from undesirable limitations. In particular, accu- 
rate delivery and placement of the endovascular pros- 
thesis within the vasculature was problematic. 
[0005] Stent-grafts (endovascular prosthesis) are re- 
silient structures, usually biased to expand against the 
surrounding lumenal wall. Such resiliently-expanding 
stent-grafts were tightly compressed within the catheter, 
imposing significant radial expansion forces against the 
surrounding catheter sheath. This often lead to excess 
friction between the stem-graft and the sheath, particu- 
larly when the resiliently-expanding structure invaginat- 
ed into the catheter material. Thus, the delivery system 
had to be capable of imparting a significant, yet control- 
led, force to retract the sheath and deploy the stent- 
grafts. 

[0006] In accordance with one aspect of the present 
invention, a method of deploying a prosthesis includes 
restraining the prosthesis within a proximal end of a 
sheath. A slide ring of a handle engaged with threads in 
the handle is rotated in a first direction to initiate a force 
for the retraction of the sheath. The slide ring is slid to 



complete retraction of the sheath and deploy the pros- 
thesis. 

[0007] As a result, a proximal end of the prosthesis, 
which is deployed first, is very gradually released by ro- 
5 tating the slide ring. In this manner, the physician is al- 
lowed to verify the accuracy of the deployment position 
as the prosthesis initially engages the surrounding body 
lumen. 

[0008] However, since dynamic frictional forces are 
10 typically lower than static frictional forces, the frictional 
resistance, due to the forces between the prosthesis 
and the sheath, decreases once the sheath begins to 
move. Additionally, as the sheath moves (retracts), 
more and more of the prosthesis is exposed by the 
15 sheath. For this additional reason, the frictional resist- 
ance, due to the force between the prosthesis and the 
sheath, decreases once the sheath begins to move. Fur- 
ther, once the proximal end of the prosthesis has firmly 
engaged the surrounding body lumen, the relationship 
20 between the prosthesis and the surrounding body lumen 
is largely set, so that deployment can proceed safely 
and at a more rapid rate. 

[0009] Thus, after retraction of the sheath is initiated 
by axial rotation of the slide ring, which moves axially 

25 because of the engagement of threaded pieces, the 
sheath is further retracted by sliding (manual pulling) of 
the slide ring. By sliding the slide ring, the sheath is eas- 
ily and quickly retracted thus rapidly completing deploy- 
ment of the prosthesis. Rapid deployment of the pros- 

30 thesis facilitates faster procedure times, thus minimizing 
the period of time during which blood flow is occluded. 
[001 0] In accordance with another embodiment of the 
present invention, a delivery system includes a handle 
and a sheath slidably and threadedly coupled to the han- 

35 die. 

[001 1 ] In accordance with yet another embodiment of 
the present invention, a delivery system includes a han- 
dle having: a slide shaft having at least one slot; a slide 
ring; a slide threadedly attached to the slide ring, the 

io slide having: an inner body inside the slide shaft; an out- 
er body outside the slide shaft; and a coupler coupling 
the inner body to the outer body through the at least one 
slot, wherein the slide ring and the slide are slidably 
mounted to the slide shaft. 

15 [0012] In accordance with another embodiment, a de- 
livery system includes: a sheath having a pushrod lu- 
men; a pushrod extending through the sheath; and a 
handle having a hub assembly coupled to the sheath, 
the hub assembly having a selectively engaging mem- 

so ber for selectively engaging and disengaging the hub 
assembly from the pushrod. 

[0013] The present invention is best understood by 
reference to the following detailed description, which is 
given by way of example only, when read in conjunction 
55 with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

FIG. 1 is a perspective view of a delivery system for 
deploying a prosthesis in accordance with one em- 
bodiment of the present invention; 
FIG. 2 is a close up partial cutaway view of a handle 
of FIG. 1 before retraction of a sheath; 
FIGS. 3 and 4 are close up partial cutaway views of 
the handle of FIG. 2 during retraction of the sheath 
in accordance with one or more embodiments of the 
present invention; 

FIG. 5 is a partial cross-sectional view of the handle 
taken at V-V of FIG. 2; 

FIG. 6 is a cross-sectional view of the handle taken 
at VI-VI of FIG. 5; 

FIG. 7 is a close up partial cutaway view of the han- 
dle of FIG. 1 before retraction of the sheath in ac- 
cordance with another embodiment of the present 
invention; 

FIG. 8 is a close up partial cutaway view of the han- 
dle of FIG. 7 during retraction of the sheath; 
FIG. 9 is a cross-sectional view of the handle of FIG. 
7takenatlX-IX; 

FIG. 1 0 is a cross-sectional view of the handle taken 
at X-X of Fl G . 9 in accordance with one embodiment 
of the present invention; 

FIG. 11 is a cross-sectional view of the handle taken 
at XI-XI of FIG. 8 in accordance with one embodi- 
ment of the present invention; 
FIG . 1 2 is a cross-sectional view of the handle taken 
atXII-XII of FIG. 11 in accordance with one embod- 
iment of the present invention; and 
FIG. 13 is an enlarged cross-sectional view of re- 
gion XIII of a pushrod of FIG. 11 in accordance with 
one embodiment of the present invention. 

[0015] Common reference numerals are used 
throughout the drawings and detailed description to in- 
dicate like elements. 

DETAILED DESCRIPTION 

[0016] A method of deploying a prosthesis 102 (FIG. 
1) includes restraining prosthesis 102 within a proximal 
end 120 of a sheath 106. A slide ring 124 of a handle 
1 12 is rotated in a first direction as indicated by an arrow 
126 (FIG. 2) to initiate retraction of sheath 106. Slide 
ring 124 is slid (FIGS. 3, 4) to complete retraction of 
sheath 106 and deploy prosthesis 102 (FIG. 1). 
[0017] In this manner, prosthesis 102 is initially very 
gradually released by rotating slide ring 1 24. This allows 
the physician to verify the accuracy of the deployment 
position as prosthesis 102 initially engages the sur- 
rounding body lumen. 

[0018] However, after retraction of sheath 1 06 is initi- 
ated by rotation of slide ring 1 24 with respect to handle 



112, retraction of sheath 106 is completed by sliding of 
slide ring 1 24 along the longitudinal axis of handle 112. 
In this manner, sheath 1 06 is easily and quickly retracted 
thus rapidly completing deployment of prosthesis 102. 

5 Rapid deployment of prosthesis 102 facilitates faster 
procedure times, thus minimizing the period of time dur- 
ing which blood flow is occluded. 
[0019] More particularly, FIG. 1 is a perspective view 
of a delivery system 100 for deploying a prosthesis 102 

10 in accordance with one embodiment of the present in- 
vention. For example, prosthesis 102 is a radially ex- 
pandable tubular prosthesis such as a stent or stent- 
graft. 

[0020] Delivery system 100 includes a pushrod 104 
'5 and a sheath 1 06, sometimes called a catheter sheath. 
Pushrod 104 includes a proximal end 108 and a distal 
end 1 1 0. Prosthesis 1 02 is placed over proximal end 1 08 
of pushrod 104. In one embodiment, proximal end 108 
further includes radiopaque markers that allow the loca- 
te tion of proximal end 108 and prosthesis 102 to be pre- 
cisely tracked. Distal end 11 Oof pushrod 104 terminates 
within and is mounted to a handle 112 or extends 
through handle 112 and out a port 114 of handle 112. 
[0021] In this embodiment, pushrod 104 is a hollow 
25 tube and includes a guide wire lumen. A guide wire 1 1 6 
extends through pushrod 1 04 and extends out proximal 
end 108. Guide wire 116further extends through handle 
112 and out port 114. 

[0022] Sheath 106 includes a proximal end 120 and 
30 a distal end 1 22. Prior to deployment, prosthesis 1 02 is 
radially compressed and restrained within proximal end 
1 20 of sheath 1 06. Distal end 1 22 of sheath 1 06 extends 
into handle 112. As discussed further below, distal end 
1 22 of sheath 1 06 is slidably and threadedly coupled to 
35 handle 112. Sheath 1 06 is a hollow tube and includes a 
pushrod lumen. Pushrod 104 extends through sheath 
106. 

[0023] During use, prosthesis 1 02 is placed over prox- 
imal end 1 08 of pushrod 1 04 and is radially compressed 
■to and restrained within proximal end 120 of sheath 106. 
Prosthesis 1 02 is introduced intra-vascularly and guided 
to the treatment site, e.g., an aneurysm. Once prosthe- 
sis 102 is properly positioned, sheath 106 is retracted 
by manipulating handle 112 thus deploying prosthesis 

45 102. 

[0024] In one embodiment, prosthesis 102 is self-ex- 
pandable. In accordance with this embodiment, as 
sheath 106 is retracted, prosthesis 102 self-expands 
and is permanently deployed, e.g., anchored within a 
so lumen of a patient. 

[0025] The guiding of prosthesis and deployment of a 
self-expanding prosthesis are well known to those of 
skill in the art. 

[0026] FIG. 2 is a close up partial cutaway view of han- 
55 die 112 of FIG. 1 before retraction of sheath 106 in ac- 
cordance with one embodiment of the present invention. 
Referring now to FIGS. 1 and 2 together, handle 112 
includes a slide ring 124. Rotation of slide ring 124 with 
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respect to longitudinal axis L of handle 112 (axial rota- 
tion) as indicated by arrow 126 is converted into axial 
translation, i.e., retraction, of sheath 106. This provides 
a mechanical advantage between handle 112 and 
sheath 1 06, helping the physician to overcome the large 
static frictional forces between prosthesis 102 and 
sheath 106. This mechanical advantage also helps 
overcome any invagination of prosthesis 102 into 
sheath 1 06. 

[0027] FIG . 3 is a close up partial cutaway view of han- 
dle 112 of FIG. 2 during retraction of sheath 106 in ac- 
cordance with one embodiment of the present invention. 
Referring now to FIGS. 2 and 3 together, slide ring 124 
includes a proximal end 202 and a distal end 204. Lo- 
cated within and coupled to slide ring 124 is a slide 206. 
In one embodiment, slide 206 includes a threaded outer 
surface 208 threadedly attached to a threaded inner sur- 
face 210 of slide ring 124. 

[0028] Initially, slide 206 is located adjacent proximal 
end 202 of slide ring 124 as illustrated in FIG. 2. Axial 
rotation of slide ring 1 24 as indicated by arrow 1 26 caus- 
es axial translation of slide 206 as indicated by arrow 
212 away from proximal end 202 and towards distal end 
204 of slide ring 124. 

[0029] Handle 112 includes a longitudinal axis L. As 
used herein, axial rotation is rotation around and in a 
plane perpendicular to longitudinal axis L. Further, axial 
translation is motion along longitudinal axis L. Axial po- 
sition is a particular position along longitudinal axis L. 
Angular position is a particular rotational position around 
and in a plane perpendicular to longitudinal axis L. 
[0030] For example, slide 206 is illustrated as being 
in a first axial position 220 adjacent proximal end 202 of 
slide ring 124 in FIG. 2. Axial rotation of slide ring 124 
as indicated by arrow 126 causes slide 206 to move to 
a second axial position 222 adjacent distal end 204 of 
slide ring 124 as illustrated in FIG. 3. 
[0031] Sheath 106 is coupled to slide 206 as dis- 
cussed further below. Accordingly, axial translation of 
slide 206 is converted into axial translation, i.e., retrac- 
tion, of sheath 106. 

[0032] As a result, referring again to FIG. 1 , a proximal 
end 128 of prosthesis 102, which is deployed first, is 
very gradually released. In this manner, the physician is 
allowed to verify the accuracy of the deployment posi- 
tion as prosthesis 1 02 initially engages the surrounding 
body lumen. 

[0033] However, since the coefficient of dynamic fric- 
tion is typically lower than the coefficient of static friction, 
the frictional resistance force between prosthesis 102 
and sheath 106 decreases once sheath 106 begins to 
move. Additionally, as sheath 106 moves, more and 
more of prosthesis 102 is exposed by sheath 106, i.e., 
the area of contact between prosthesis 102 and sheath 
106 decreases. For this additional reason, the amount 
of frictional resistance to movement between prosthesis 
1 02 and sheath 1 06 decreases once sheath 1 06 begins 
to move. Further, once proximal end 128 of prosthesis 



1 02 has firmly engaged the surrounding body lumen, the 
relationship between prosthesis 102 and the surround- 
ing body lumen is largely set, so that deployment can 
proceed safely and at a more rapid rate. 

5 [0034] Thus, after retraction of sheath 106 is initiated 
by axial rotation of slide ring 124, retraction of sheath 
106 is completed by axially pulling on slide ring 124 to 
slide slide ring 1 24. More particularly, after proximal end 
128 of prosthesis 102 is deployed by retracting sheath 

10 106 by rotating slide ring 124, slide ring 124 is easily 
and quickly slid along longitudinal axis L of handle 112 
without further axial rotation of slide ring 1 24. By sliding 
slide ring 1 24, sheath 1 06 is easily and quickly retracted 
thus rapidly completing deployment of prosthesis 102. 

15 Rapid deployment of prosthesis 102 facilitates faster 
procedure times, thus minimizing the period of time dur- 
ing which blood flow is occluded. 
[0035] Sheath 106 is described above as being re- 
tracted by the combination of axial rotation of slide ring 

zo 124 followed by axial translation, i.e., sliding, of slide 
ring 124 along longitudinal axis L of handle 112. How- 
ever, in an alternative embodiment, sheath 106 is re- 
tracted entirely by axial rotation of slide ring 124. Fur- 
ther, in yet another alternative embodiment, sheath 1 06 

25 is retracted entirely by sliding of slide ring 124 along lon- 
gitudinal axis L of handle 112. 
[0036] FIG. 4 is a close up partial cutaway view of han- 
dle 112 of FIG. 3 during retraction of sheath 106 in ac- 
cordance with one embodiment of the present invention. 

30 Referring now to FIGS. 3 and 4 together, handle 112 
includes a slide shaft 402 having a proximal end 404 
and a distal end 406. Slide shaft 402 extends between 
a proximal housing 41 0 and a distal housing 412 of han- 
dle 1 1 2. Slide 206 and slide ring 1 24 are slidably mount- 

35 ed on slide shaft 402. 

[0037] A diameter D1 of slide shaft 402 is less than a 
distal end diameter D2 of proximal housing 410 and is 
less than a diameter D3 of distal housing 412. Accord- 
ingly, slide ring 124 is capable of axial translation along 

40 slide shaft 402 between proximal housing 41 0 and distal 
housing 41 2. Stated another way, proximal housing 41 0 
forms a forward stop for slide ring 1 24 and distal housing 
412 forms a rear stop for slide ring 124. 
[0038] Slide ring 124 is easily and quickly slid along 

45 slide shaft 402 of handle 1 1 2 from proximal housing 41 0 
to distal housing 412. Since slide 206 is threadedly en- 
gaged with (sometimes called threadedly attached) to 
slide ring 1 24, axial translation of slide ring 1 24 produc- 
es an axial translation of slide 206. Since slide 206 is 

50 coupled to sheath 1 06, axial translation of slide 206 pro- 
duces an axial translation of sheath 1 06. Overall, by slid- 
ing slide ring 124, sheath 106 is easily and quickly re- 
tracted thus rapidly completing deployment of prosthe- 
sis 102. 

55 [0039] For example, slide ring 1 24 is illustrated as be- 
ing adjacent proximal housing 41 Oof handle 112 in FIG. 
3. Axial translation of slide ring 1 24 as indicated by arrow 
320 causes slide ring 1 24 and slide 206 to move to a 
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third axial position 224 adjacent distal housing 412 of 
handle 112 as illustrated in FIG. 4. Sheath 106 is cou- 
pled to slide 206. Accordingly, axial translation of slide 
ring 124 also axially translates, i.e., retracts, sheath 106. 
[0040] FIG. 5 is a partial cross-sectional view of han- 
dle 1 12 taken at V-V of FIG. 2. FIG. 6 is a cross-sectional 
view of handle 112 taken at VI-VI of FIG. 5. 
[0041] In one embodiment, slide ring 124 includes at 
least two sections joined together. However, in an alter- 
native embodiment, slide ring 124 is integral, i.e., is a 
single piece not a plurality of pieces connected together. 
[0042] Referring now to FIGS. 5 and 6 together, slide 
ring 124 is cylindrical and includes threaded inner sur- 
face 210. In one embodiment, threaded inner surface 
210 is a cylindrical surface formed with a continuous 
thread (sometimes called a series of threads), e.g., in- 
ternal threads. 

[0043] Slide 206 includes an outer body 502, an inner 
body 504, and couplers 602, which couple outer body 
502 to inner body 504 as discussed further below. In one 
embodiment, outer body 502 is cylindrical and is outside 
and encloses slide shaft 402, which is also cylindrical. 
[0044] Outer body 502 includes threaded outer sur- 
face 208. In one embodiment, threaded outer surface 
208 is a cylindrical surface formed with a continuous 
thread (sometimes called a series of threads), e.g., ex- 
ternal and helical threads. More particularly, threaded 
outer surface 208 is a cylindrical surface formed with a 
continuous series of high points which together form a 
helical thread pattern. 

[0045] Threaded outer surface 208 of outer body 502 
is threaded with threaded inner surface 21 0 of slide ring 
124. More particularly, the external threads of threaded 
outer surface 208 are engaged with the internal threads 
of threaded inner surface 21 0 of slide ring 1 24. However, 
in alternative embodiments, threaded outer surface 208 
can be formed with pins, tabs or other protrusions which 
mate (or engage) with the threads of threaded inner sur- 
face 21 0 of slide ring 1 24. 

[0046] Rotation of slide ring 1 24 causes slide 206 to 
move along a helical path of the series of threads of 
threaded inner surface 210 of slide ring 124. More par- 
ticularly, rotation of slide ring 1 24 causes threaded outer 
surface 208 of slide 206 to track the helical path of the 
series of threads of threaded inner surface 21 0 of slide 
ring 124. As threaded outer surface 208 of slide 206 
track the helical path of the series of threads of threaded 
inner surface 210, slide 206 translates in direction 320 
(FIG. 4) along longitudinal axis L. 
[0047] Inner body 504 is inside and located within 
slide shaft 402. Inner body 504 includes a central aper- 
ture 506 through which pushrod 104 extends. Pushrod 
104 includes a guide wire lumen 505 through which a 
guide wire 1 1 6 extends. Distal end 1 22 of sheath 1 06 is 
attached to inner body 504, for example, using adhesive 
or screws. 

[0048] Slide shaft 402 includes opposing slots 604. 
Couplers 602 extend through slots 604 and couple outer 



body 502 to inner body 504. By extending through slots 
604, couplers 602 prevent rotation of slide 206 and thus 
of sheath 106 with respect to slide shaft 402. 
[0049] In one embodiment, slide 206 is integral, i.e., 

5 outer body 502, inner body 504, and couplers 602 are 
parts of a single piece and are not a plurality of separate 
pieces connected together. However, in an alternative 
embodiment, outer body 502, inner body 504, and/or 
couplers 602 are separate pieces connected together. 

<o For example, couplers 602 can be set screws or tabs 
protruding radially inward or outward from outer body 
502 and/or inner body 504, respectively. 
[0050] FIG. 7 is a close up partial cutaway view of han- 
dle 112 of FIG. 1 before retraction of sheath 106 in ac- 
ts cordance with another embodiment of the present in- 
vention. Referring now to FIGS. 1 and 7 together, handle 
112 includes a hub assembly 702. Axial rotation of hub 
assembly 702 as indicated by arrow 126 is converted 
into axial translation, i.e., retraction, of sheath 106. This 

20 provides a mechanical advantage between handle 1 1 2 
and sheath 106, helping the physician to overcome the 
relatively larger static frictional resistance between 
prosthesis 1 02 and sheath 1 06. This mechanical advan- 
tage also helps overcome any invagination of prosthesis 

25 102 into sheath 106. 

[0051] FIG. 8 is a close up partial cutaway view of han- 
dle 112 of FIG. 7 during retraction of sheath 106 in ac- 
cordance with one embodiment of the present invention. 
Referring now to FIGS. 7 and 8 together, hub assembly 

30 702 includes a slide ring 1 24A and a hub 704. Slide ring 
1 24A, sometimes called a cam-lock ring, is mounted on 
hub 704. For example, slide ring 1 24A and hub 704 are 
molded parts fixedly mounted together. 
[0052] Hub 704 includes a selectively engaging mem- 

35 ber 706. By rotating slide ring 124A, selectively engag- 
ing member 706 and thus hub assembly 702 is selec- 
tively engaged (FIG. 7) and disengaged (FIG. 8) from a 
pushrod 104A. To illustrate, in one embodiment, selec- 
tively engaging member 706 includes an inside thread- 

40 ed surface 708 and pushrod 104A includes a threaded 
outer surface 71 0, sometimes called an external thread- 
ed surface 710. In one embodiment, inside threaded 
surface 708 and external threaded surface 710 each in- 
clude a continuous series of threads, e.g., helical 

45 threads. Stated another way, inside threaded surface 
708 and external threaded surface 710 each are a con- 
tinuous thread. 

[0053] By rotating slide ring 124A in a first direction, 
e.g., counterclockwise, threaded surface 708 of selec- 

so tively engaging member 706 is pressed into threaded 
engagement (attachment) with threaded outer surface 
710 of pushrod 104A as illustrated in FIG. 7. Thus, ro- 
tation of slide ring 124A in the first direction engages 
selectively engaging member 706 with pushrod 104A. 

55 More generally, rotation of slide ring 1 24A in the first di- 
rection engages and threadably attaches (mounts) hub 
assembly 702 with pushrod 104A. 
[0054] Initially, selectively engaging member 706 is 
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engaged with pushrod 104A as illustrated in FIG. 7. Ax- 
ial rotation of hub assembly 702 in a direction of rotation 
as indicated by arrow 1 26 causes axial translation of hub 
assembly 702 in an axial direction as indicated by arrow 
712 away from proximal housing 410 and towards distal 
housing 41 2 of handle 1 1 2. More particularly, axial rota- 
tion of hub assembly 702 causes hub assembly 702 to 
move along a helical path of the thread of threaded outer 
surface 710 of pushrod 104A. 

[0055] For example, hub assembly 702 is illustrated 
as being in a first axial position 730 adjacent proximal 
housing 410 of handle 112 in FIG. 7. Axial rotation of 
hub assembly 702 in a direction as indicated by arrow 
1 26 causes hub assembly 702 to move to a second axial 
position 732 between proximal housing 410 and distal 
housing 412 of handle 11 2 as illustrated in FIG. 8. Stated 
another way, axial rotation of hub assembly 702 causes 
axial translation of hub assembly 702. 
[0056] Sheath 1 06 is coupled to hub assembly 702 as 
discussed further below. Accordingly, axial translation 
of hub assembly 702 causes axial translation, i.e., re- 
traction, of sheath 106. 

[0057] As a result, referring again to FIG. 1 , a proximal 
end 128 of prosthesis 102, which is deployed first, is 
very gradually released. In this manner, the physician is 
allowed to verify the accuracy of the deployment posi- 
tion as prosthesis 102 initially engages the surrounding 
body lumen. 

[0058] Further, after proximal end 128 of prosthesis 
1 02 is deployed by retracting sheath 1 06 by rotating hub 
assembly 702 as discussed above, selectively engaging 
member 706 is selectively disengaged from pushrod 
104A as illustrated in FIG. 8. 

[0059] In accordance with one embodiment, by rotat- 
ing slide ring 124A in a second direction opposite the 
first direction, e.g., clockwise, threaded surface 708 of 
selectively engaging member 706 is released (retract- 
ed) from threaded attachment with threaded outer sur- 
face 710 of pushrod 104A. Thus, rotation of slide ring 
1 24A in the second direction disengages selectively en- 
gaging member 706, and thus hub assembly 702, from 
pushrod 104A. 

[0060] Once disengaged, hub assembly 702 is siida- 
bly mounted on pushrod 104A. More particularly, hub 
assembly 702 is supported around pushrod 104A by 
sheath 1 06. Thus, hub assembly 702 is easily and quick- 
ly slid along pushrod 104A and longitudinal axis L of 
handle 112 without further rotation of hub assembly 702. 
By sliding hub assembly 702, sheath 106 is easily and 
quickly retracted thus rapidly completing deployment of 
prosthesis 1 02. Rapid deployment of prosthesis 1 02 fa- 
cilitates faster procedure times, thus minimizing the pe- 
riod of time during which blood flow is occluded. 
[0061] Sheath 106 is described above as being re- 
tracted by the combination of axial rotation of hub as- 
sembly 702 followed by sliding, i.e., axial translation, of 
hub assembly 702 along longitudinal axis L of handle 
112. However, in an alternative embodiment, sheath 



1 06 is retracted entirely by axial rotation of hub assem- 
bly 702. Further, in yet another embodiment, sheath 1 06 
is retracted entirely by sliding of hub assembly 702 along 
longitudinal axis L of handle 112. 

5 [0062] In yet another embodiment, hub assembly 702 
is initially engaged with pushrod 104A. Sheath 106 is 
initially retracted by axial rotation of hub assembly 702. 
Hub assembly 702 is then disengaged from pushrod 
104A. Sheath 106 is further retracted by sliding of hub 

10 assembly 702 along longitudinal axis L of handle 112. 
Hub assembly 702 is again engaged with pushrod 1 04A. 
For example, if the deployment force, e.g., friction, in- 
creases and the physician desires more mechanical ad- 
vantage for further deployment of sheath 106. Sheath 

'5 1 06 is then further retracted by axial rotation of hub as- 
sembly 702. In the above manner, sheath 1 06 is retract- 
ed rapidly by sliding of hub assembly 702. However, at 
any time during retraction, hub assembly 702 can be en- 
gaged with pushrod 104A for more mechanical advan- 

20 tage and control of sheath 1 06. 

[0063] As shown in FIG. 8, pushrod 1 04A extends be- 
tween proximal housing 410 and distal housing 412 of 
handle 112. In one embodiment, proximal housing 410 
and distal housing 412 are connected to and supported 

25 by a support member (not shown). 

[0064] When disengaged, hub assembly 702 is easily 
and quickly slid along pushrod 104Aof handle 11 2 from 
proximal housing 410 to distal housing 412. Since hub 
assembly 702 is coupled to sheath 1 06, axial translation 

so of hub assembly 702 produces an axial translation of 
sheath 106. Overall, by sliding hub assembly 702, 
sheath 106 is easily and quickly retracted thus rapidly 
completing deployment of prosthesis 1 02. 
[0065] For example, hub assembly 702 is illustrated 

35 as being at second axial position 732 between proximal 
housing 410 and distal housing 412 of handle 112 in 
FIG. 8. Axial translation of hub assembly 702 as indicat- 
ed by arrow 720 causes hub assembly 702 to move to 
a third axial position 734 adjacent distal housing 412 of 

■to handle 112 as indicated by the dashed lines in FIG. 8. 
Sheath 1 06 is coupled to hub assembly 702. According- 
ly, axial translation of hub assembly 702 causes axial 
translation, i.e., retraction, of sheath 106. 
[0066] FIG. 9 is a cross-sectional view of handle 112 

■ts taken at IX-IX of FIG. 7 in accordance with one embod- 
iment of the present invention. FIG. 10 is a cross-sec- 
tional view of handle 112 taken at X-X of FIG. 9 in ac- 
cordance with one embodiment of the present invention. 
[0067] Referring now to FIGS. 9 and 1 0 together, hub 

so assembly 702 includes hub 704. Hub 704 includes a cy- 
lindrical body 950 and selectively engaging member 
706. In accordance with this embodiment, selectively 
engaging member 706 includes a first spring arm 902A 
and a second spring arm 902B, collectively spring arms 

55 902, Spring arms 902 terminate at threaded surface 
708. 

[0068] In accordance with this embodiment, spring 
arms 902A, 902B include upper arms 952A, 952B and 
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lower arms 954A, 954B connected together at elbows 
956A, 956B. Upper arms 952A, 952B, lower arms 954A, 
954B and elbows 956A, 956B are collectively referred 
to as upper arms 952, lower arms 954 and elbows 956, 
respectively. 

[0069] First ends 958 of upper arms 952 are connect- 
ed to cylindrical body 950, Second ends 960 of upper 
arms 952 are connected to first ends 962 of lower arms 
954. 

[0070] Second ends 964 of lower arms 954A, 954B 
include threaded surfaces 708A, 708B, respectively. 
Threaded surfaces 708A, 708B are collectively referred 
to as threaded surface 708. 

[0071 ] Sheath 1 06 is rotationally mounted to hub 704 
by a bearing 906. Bearing 906 allows hub assembly 702 
including hub 704 to be rotating without imparting any 
rotation to sheath 1 06. 

[0072] Slide ring 1 24A is rotationally mounted on hub 
704. Illustratively, hub 704 includes flanges 908, 910, 
which fit into tracks 912, 914 of slide ring 124A. Thus, 
slide ring 124 is mounted on hub 704, yet, is capable of 
angular rotation relative to hub 704. 
[0073] Referring now to FIG. 1 0, slide ring 1 24A is cy- 
lindrical and includes an inner surface 91 6. Tracks 91 2, 
914 of slide ring 124A are formed in inner surface 916. 
Slide ring 124A further includes tabs 91 8A, 91 8B, col- 
lectively tabs 91 8, protruding inwards from inner surface 
916. 

[0074] Slide ring 1 24A is in a lock position 1 002 in FIG. 
1 0, i.e., is at a particular angular position relative to hub 
704. When in lock position 1 002, tabs 91 8 are engaged 
with and press inwards on spring arms 902. More par- 
ticularly, elbows 956 of spring arms 902 are seated with- 
in notches 926A, 926B, collectively notches 926, of tabs 
91 8A, 91 8B, respectively, when slide ring 1 24A is in lock 
position 1002. 

[0075] This forces threaded surface 708 of spring 
arms 902 to engage threaded outer surface 71 0 of push- 
rod 1 04A. In this manner, hub assembly 702 is engaged 
with pushrod 104A. 

[0076] To move hub assembly 702 relative to pushrod 
1 04A, hub assembly 702 is rotated. The engagement of 
threaded surface 708 of selectively engaging member 
706 to threaded outer surface 710 of pushrod 104A 
translates this axial rotation into axial translation of hub 
assembly 702. 

[0077] In one embodiment, the direction in which slide 
ring 124A is rotated to engage hub assembly 702 with 
pushrod 104A, i.e., the first direction, is the same direc- 
tion in which hub assembly 702 is rotated to retract 
sheath 106. In accordance with this embodiment, axial 
rotation of slide ring 1 24A in the first direction serves at 
least two purposes. 

[0078] First, axial rotation of slide ring 124A seats 
spring arms 902 within notches 926 to engage threaded 
surface 708 of selectively engaging member 706 with 
threaded outer surface 710 of pushrod 104A. Second, 
once spring arms 902 are seated within notches 926, 



further axial rotation of slide ring 124A causes rotation 
of hub 704 and axial translation of hub assembly 702. 
[0079] FIG. 1 1 is a cross-sectional view of handle 1 1 2 
taken at XI-XI of FIG. 8 in accordance with one embod- 
5 iment of the present invention. FIG. 12 is a cross-sec- 
tional view of handle 112 taken at XII-XII of FIG. 11 in 
accordance with one embodiment of the present inven- 
tion. 

[0080] Referring now to FIGS. 11 and 12 together, 
10 slide ring 1 24A is in an unlock position 1 202 in FIG. 1 2, 
i.e., is at a second particular angular position relative to 
hub 704. For example, unlock position 1202 is 90 de- 
grees from lock position 1 002. In one embodiment, hub 
704 is formed with stops 940A, 940B, collectively stops 
15 940, which protrude outwards from hub 704 and engage 
tabs 918 to prevent slide ring 124A from being rotated 
past unlock position 1202. 

[0081] When in unlock position 1202, tabs 918 are 
away from and are not engaged with spring arms 902. 
20 Spring arms 902 and, more particularly, upper arms 952, 
are resilient members. In one embodiment, when re- 
laxed, spring arms 902 are positioned away from push- 
rod 104A. Stated another way, slide ring 124A places 
spring arms 902 under tension to engage spring arms 
902 with pushrod 104A as illustrated in FIG. 10. How- 
ever, when slide ring 124A is moved to unlock position 
1202 as shown in FIG. 12, spring arms 902 return to 
their relaxed position adjacent inner surface 916 of slide 
ring 124A. 

30 [0082] Thus, when slide ring 124A is in unlock position 
1202 as shown in FIG. 12, threaded surface 708 of se- 
lectively engaging member 706 is disengaged from 
threaded outer surface 710 of pushrod 104A. This al- 
lows hub assembly 702 to be readily and easily slid 

35 along pushrod 104A as discussed above. 

[0083] FIG. 1 3 is an enlarged cross-sectional view of 
the region XIII of pushrod 104A of FIG. 11 in accordance 
with one embodiment of the present invention. In ac- 
cordance with this embodiment, threads 1302 of thread- 

40 ed outer surface 710 of pushrod 104A are buttress 
threads. Threads 1302 include angled surfaces 1304 in 
one direction and flat surfaces 1306 in the other. 
[0084] Angled surfaces 1304 are at an angle to a 
plane perpendicular to longitudinal axis L. Stated anoth- 

45 er way, angled surfaces 1 304 are angled relative to the 
direction normal to longitudinal axis L. 
[0085] In contrast, flat surfaces 1306 are parallel to a 
plane perpendicular to longitudinal axis L. Stated anoth- 
er way, flat surfaces 1 306 are in the direction normal to 

so longitudinal axis L. 

[0086] During rotation of hub assembly 702 as dis- 
cussed above, referring now to FIGS. 9 and 13 together, 
threaded surface 708 of selectively engaging member 
706 is forced against flat surfaces 1306 of pushrod 

ss 104A. In this manner, force is applied to selectively en- 
gaging member 706 in a direction parallel to longitudinal 
axis L thus causing axial translation of hub assembly 
702. However, there is essentially no force applied to 
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selectively engaging member 706 in the direction nor- 
mal to longitudinal axis L. This essentially eliminates the 
possibility of spring arms 902 being forced apart and the 
associated slipping of hub assembly 702 on pushrod 
104A. 

[0087] However, in an alternative embodiment, 
threads 1 302 are formed, for example, in a conventional 
profile, to impart force to selectively engaging member 
706 in the direction normal to longitudinal axis L. For 
example, when a high load is imparted to hub assembly 
702, e.g., when sheath 106 is stuck, spring arms 902 
are forced apart and hub assembly 702 slips on pushrod 
1 04A. This prevents damage to sheath 1 06 and compli- 
cations in the deployment of prosthesis 112 (FIG. 1). 
[0088] As discussed above, selectively engaging 
member 706 includes two spring arms 902, i.e., spring 
arms 902A, 902B, as shown in FIGS. 9 and 10. Spring 
arms 902 extend around and contact approximately 
two-thirds of the circumference of pushrod 104A. How- 
ever, In one embodiment, selectively engaging member 
706 includes only spring arm 902A or spring arm 902B, 
and not both. In yet another embodiment, selectively en- 
gaging member 706 includes three or more spring arms 
902. 

[0089] In yet other alternative embodiments, selec- 
tively engaging member 706 is a spring-loaded mecha- 
nism. This spring-loaded mechanism is biased such that 
it is engaged or disengaged with pushrod 104A when 
the spring-loaded mechanism is in its relaxed state. For 
example, the spring-loaded mechanism includes a 
screw that is engaged with pushrod 104A when the 
spring-loaded mechanism is in its relaxed position. The 
spring-loaded mechanism further includes a button, 
which is pressed to disengaged the screw. This button 
is integrated into hub assembly 702, or is mounted as a 
separate button or a trigger-type mechanism. However, 
other spring-loaded mechanisms are used in other em- 
bodiments. 

[0090] Further, in one embodiment, a ratchet or pawl 
is used to prevent unintentional or undesirable axial ro- 
tation or axial translation . For example , a ratchet or pawl 
Is used to prevent slide rings 1 24, 1 24A (FIGS. 2, 7) from 
axial rotation in the direction opposite arrow 126. As a 
further example, a ratchet or pawl is used to prevent 
slide ring 1 24, hub assembly 702 (FIGS. 4, 8) from mov- 
ing backwards toward proximal housing 410. 



Claims 

1 . A delivery system comprising: 

a handle (112; and 

a sheath (1 06) slidably and threadedly coupled 
to said handle. 

2. The delivery system of claim 1 wherein the handle 
comprises: 



a slide ring (124); and 

a slide (206) within said slide ring, said slide be- 
ing threadedly attached to said slide ring. 

s 3. The delivery system of claim 2 wherein axial rota- 
tion of said slide ring (124) causes axial translation 
of said slide (206) away from a proximal end and 
towards a distal end of said slide ring. 

10 4. The delivery system of claim 3 wherein said sheath 
(106) is coupled to said slide (206). 

5. The delivery system of any preceding claim wherein 
said handle comprises: 

15 

a proximal housing (410) ; 
a distal housing (412); 

a slide shaft (402) extending between said 
proximal housing and said distal housing; 
20 a slide ring (124); and 

a slide (206) located within said slide ring, said 
sheath (106) being coupled to said slide, said 
slide ring and said slide being slidable mounted 
on said slide shaft. 

25 

6. A delivery system comprising: 

a handle (112) comprising: 

30 a slide shaft (402) comprising at least one 

slot (604); 
a slide ring (124); 

a slide (206) threadedly attached to said 
slide ring comprising: 

an inner body (504) inside said slide 
shaft; 

an outer body (506) outside said slide 
shaft; and 

40 a coupler (602) coupling said inner 

body to said outer body through said 
at least one slot, 

wherein said slide ring and said slide are sli- 
45 dably mounted to said slide shaft. 

7. The delivery system of claim 6 further comprising a 
sheath (106) coupled to said inner body. 

so 8. The delivery system of claim 7 wherein said sheath 
comprises a pushrod lumen, said delivery system 
further comprising: 

a pushrod (104A) extending through said 
55 sheath; and 

a prosthesis (102) over a proximal end of said 
pushrod and restrained within a proximal end 
of said sheath. 
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9. The delivery system of claim 8 wherein said pros- 
thesis is deployed by sliding said slide ring down 
said slide shaft. 

10. The delivery system of claim 8 wherein said pros- 
thesis is deployed by rotating said slide ring. 

11. The delivery system of claim 8 wherein said pros- 
thesis is deployed by rotating and sliding said slide 
ring. 

12. The delivery system of any of claims 6 to 11 wherein 
said slide ring (1 24) comprises a threaded inner sur- 
face (708) threaded to a threaded outer surface of 
said outer body. 

13. The delivery system of claim 12 wherein rotation of 
said slide ring causes said slide to move along a 
helical path of said threaded inner surface of said 
slide ring. 

14. A delivery system comprising: 

a sheath (106) comprising a pushrod lumen; 
a pushrod (1 04) extending through said sheath; 
and 

a handle (112) comprising a hub assembly 
(702) coupled to said sheath, said hub assem- 
bly comprising a selectively engaging member 
for selectively engaging and disengaging said 
hub assembly from said pushrod. 

15. The delivery system of claim 14 wherein said hub 
assembly (702) is engaged with said pushrod, and 
wherein axial rotation of said hub assembly causes 
axial translation of said sheath. 

16. The delivery system of claim 14 wherein said hub 
assembly is slidably mounted to said pushrod when 
said hub assembly is disengaged from said push- 
rod. 

17. The delivery system of claim 14 wherein said hub 
assembly is threadedly mounted to said pushrod 
when sais hub assembly is engaged with said push- 
rod. 

18. The delivery system of claim 1 4 wherein said selec- 
tively engaging member comprises at least one 
spring arm (902). 

1 9. The delivery system of claim 1 8 wherein a slide ring 
comprises at least one tab (918A.B) pressing on 
said at least one spring arm when said hub assem- 
bly is engaged with said pushrod. 

20. The delivery system of claim 1 4 wherein a threaded 
surface of said selectively engaging member is 
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threadedly attached to a threaded outer surface of 
said pushrod when said hub assembly is engaged 
with said pushrod. 

5 21. A method of deploying a prosthesis comprising: 

restraining said prosthesis (102) within a prox- 
imal end of a sheath (106); 
rotating a slide ring (124) of a handle (112) in a 
10 first direction to initiate retraction of said 

sheath; and 

sliding said slide ring 8124) to further retract 
said sheath. 

's 22. The method of claim 21 wherein said handle further 
comprises a slide (206) threadedly attached to said 
slide ring, said rotating comprising moving said 
slide from a proximal end of said slide ring and to- 
wards a distal end of said slide ring. 

20 

23. The method of claim 22 wherein said sheath (106) 
is coupled to said slide (206). 

24. The method of claim 21 , 22 or 23, wherein said slid- 
es ing comprises moving said slide ring (124) from a 

proximal housing (410) and towards a distal hous- 
ing (412) of said handle. 

25. The method of any of claims 21 to 24, further com- 
30 prising disengaging a hub assembly (702) compris- 
ing said slide ring (124) from a pushrod. 

26. The method of claim 25 wherein said disengaging 
comprises rotating said slide ring in a second direc- 

35 tion opposite said first direction. 

27. The method of claim 25 wherein said sliding com- 
prises sliding said slide ring along said pushrod. 

40 
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